Abstract. Examples from various harvest regimes, storage regimes, cultivars and different packaging methods are presented to characterize volatile ester differences after cutting and how changes occur in characteristic flavors throughout the postharvest life of certain cut fruit products. In many fresh-cut cantaloupe cultivars and in honeydew, there was a relative increase in nonacetates and coinciding relative decrease in acetates during storage. A similar and consistent non acetate: acetate ester ratio was conserved in cantaloupe from eastern and western U.S. regions, as well as different cultivars from the same field. Furthermore, similar ratios were observed in many melon cultivars over multiple years from different seasons and growing regions. Since many cultivars exhibited similar trends in 2-year repeated studies, the trend is apparently independent of year and season. Fresh-cut Gala' apples, on the other hand, displayed a slightly different trend whereby both acetates and nonacetate esters decreased appreciabl y during storage. The hypothesis is put forward that recycling of esters during storage in certain fresh-cut fruits disturbs the delicate fine balance of characteristic volatiles. Consistently decreasing acetates along with increasing nonacetates could alter the overall perceived desirable flavor attributes during fresh-cut melon storage, even though volatile esters are still abundant.
Fresh-cut fruit popularity and sales are gaining rapidly across the U.S. Total fresh-cut sales (food service plus retail) was expected to be $14 billion in 2003 (Produce Marketing Association, 1999a). Fresh-cut sales have grown in a linear manner, at roughly $1 billion per year (Fresh Cut, 1999b) , due largely to increased regional production and distribution. In fact, according to recent retail scan data from August 2002-03 (Information Resources Inc.) fresh-cut fruit sales hit $243 million, an impressive 15% increase in one year (Western Farm Express, 2003) . Melons and fresh-cut melons are rapidly gaining a large share of the produce market (Bareuther, 2000) and therefore a substantial monetary incentive exists to improve their intrinsic qualities.
Fresh-cut processing increases respiration rates and causes major tissue disruption as enzymes and substrates normally sequestered within the vacuole become mixed with other cytoplasmic and nucleic substrates and enzymes. Processing also increases woundinduced ethylene, and surface area per unit volume which may enhance microbial attack and accelerate water loss (Toivonen and DeEII, 2002; Watada and Qi, 1999; Wiley, 1994) . These physiological changes may be accompanied by flavor loss, browning, decay, increased rate of vitamin loss, rapid softening, color loss and a shorter storage life. Increased water activity and mixing of intracellular and
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Consumer acceptance of fresh-cut fruits often relies on inherent flavor and texture, since they are less likely to be served with accompaniments. It is often assumed that "if it looks good, it tastes good." Compared with salads, the relatively slow expansion of the fresh-cut fruit market may be attributed to the consumer's apprehension to repeatedly purchase products with inconsistent or unsatisfactory flavor or textural quality (Beaulieu and Baldwin, 2002) . Consistent postharvest quality of fresh-cut fruits, with flavor, is likely required fora lasting marketability window and sustained consumer acceptance. Yet, there is a detrimental trade-off between firmness/maturity and acceptable volatiles and flavor/aroma attributes in fresh-cut fruits (Beaulieu and Lea, 2003b; Beaulieu etal.,2004; Gornyetal., 1998 Gornyetal., , 2000 . Furthermore, cantaloupe fruit harvested before development of the abscission zone will not develop flavor and aroma volatiles similar to fruit that remained on the vine until fully ripe (Beaulieu, 2006; Pratt, 1971; Wyllie et al.. 1996 ). Yet, fruit harvested at or after development of the abscission zone have a shorter storage life and flavor loss may occur before completion of the marketing process (Hoover, 1955; Ogle and Christopher, 1957) .
Research reports illustrating flavor and textural quality in cut fruits are emerging (Beaulieu, 2006; Beaulieu and Baldwin, 2002; Beaulieu and Lea, 2003b; Beaulieu et al., 2004; Bett-Garber et al., 2003; Lamikanra and Richard, 2002; Saftner et al., 2003; Soliva-Fortuny et al., 2002a . 2002b . However, reports geared toward understanding mechanisms responsible for generation and/or loss of flavor after processing, through the marketing and consumption windows are lacking. An underlying goal in my laboratory is to improve the sensory quality of fresh-cut fruits by obtaining a basic understanding of the physiological and biochemical processes involved in flavor loss and textural change. Subsequently, factors such as harvest maturity, cultivar, inbred parental lineage and season were evaluated with regards to the volatile balance, and flavor changes that occur during storage (4 °C) in the processed product.
MATERIALS AND METHODS
Plant material, fresh cutting, and sample preparation. Cantaloupe (Cucwnis inelo L. var. reticulatus, Naudin) culture, harvest, shipment, processing, and solid phase microextraction(SPME) gas chromatography-mass spectrometry (GC-MS) analysis were performed as previously described (Beaulieu, 2006; Beaulieu and Grimm, 2001; Beaulieu and Lea, 2003a; Beaulieu etal., 2003 Beaulieu etal., . 2004 Bett-Garber et al., 2003) . Briefly, ripe fruit (3/4-slip, peduncle almost abscised) were harvested in California and Arizona (western shippers) or Pennsylvania and Georgia (eastern shippers) according to rigorous standards where maturity at first or second commercial harvest was carefully evaluated, per cultivar (ground color, netting, 'Brix and taste, firmness and absence of scars, sunburn or surface defects). In the maturity analysis, 'Sol Real' fruit were harvested two years in Calif. according to strict maturity designations where 1/4-slip fruit had a clearly green, well-attached peduncle; 1/2-slip had a distinct abscission zone detectable at the peduncle; 3/4-slip were essentially at or approaching commercial harvest; full-slip (FS) cleanly separated from the vine with light pressure or had just separated; and overripe (OR) were precisely categorized as 2 d past FS. Regarding fruit utilized for inbred parental analyses, both 'Sol Real' (a typical western shipper) and 'Athena' (an eastern melon) and both homozygous inbred parental breeding lines (designated as male and female H0aTSCIE\cc VoL.. 41(1) FEBRUARY 2006 for proprietary reasons) were harvested at 3/4-slip with uniform size and ground color change and full netting in three seasons from Arizona and California.
Fruit were field hydrocooled in an ice slurry, then cooled on harvest date in a forced air cooler (about 5 °C), packed carefully with Styrofoam packaging beads and overnight freighted to the Southern Regional Research Center (SRRC) for analysis within 2 d after being held at 4°C. Fruit were washed thoroughly in cold tap water then sanitized via rubbing with gloved hands for roughly 30s in 100 ppm bleach (NaCIO, pH about 6.5, 4 °C), rinsed in deionized water and uniformly peeled on a melon peeler (CP-44; Muro, Tokyo, Japan). Stem and blossom portions (about 2 to 3 cm) were removed, and roughly 2.5-cm 3 mesocarp cubes were prepared from many fruits (5 to 6 minimum) per treatment. Cubes were randomized per 300 g triplicate in 24-ounce (about 1 L) low-profile, ridged-bottom, Juice Catcher containers(SRW-24-JC; Winkler Forming Inc., Carrollton, Texas). Containers were stored at 4 °C and fresh-cut cubes were assessed after various days in storage.
'Honey Brew' honeydew (Cucumis me/aL. var. inodoru.s', Naudin) plants were grown in Weslaco, Texas, and field treated with various foliar calcium compounds (6% mineral Ca) including amino acid chelated-calcium (Metalosate, Albion Laboratories Inc., Clearfield, Utah), calcium chloride, and Ca-EDTA chelated-calcium plus water controls, at the rate of 2.3 L'ha' at 0, 1, 2, or 4 total applications during growth similar to Lester and Grusak (2004) . Applications were at female flowering, within 20 and 40 dafter flowering, and within 3 to 5 d before harvest. Harvested fruit were handled and processed, as described above. A Katz 100 (Koch Equipment, LLC, Kansas City, Mo.) modified atmosphere packaging (MAP) machine was used to produce passive packages in polypropylene 5002 trays (GreenTek, Inc.) overwrapped with 2.5-mil-thick (63.5-pm) ESEVE 1250R film (Winpak Ltd., Minneapolis. Minn.).
'Gala' apples (Ma/us x dome,s'tica Borkh.) were harvested in Pennsylvania and 18.2-kg boxes were shipped overnight delivery to the SRRC. Unblemished apples (about 250 g each) were washed and sanitized in 100 ppm hypochlorite solution (pH adjusted to 6.5 to 7.0 with citric acid) at 10 °C, and rinsed under cold tap water. Tops (peduncle) and bottoms (calyx, stamen and pistil remnants) of 24 fruit, per treatment, were sliced off with a knife, cut into 10 wedges with a stainless steel corer-wedger, and further trimmed (about 3 mm) to remove cartilaginous endocarp tissue. Wedges were submerged in a holding solution of 0.25% NaCl (w/v) to prevent browning until sufficient tissue was ready for blocking and browning inhibitors (BI). Wedges were submerged in 2% (v/v) sodium erythorbate Plus 0.1% (w/v) calcium chloride (Sapers and Miller, 1998) (Buttery et al., 1982; 1-lorvat and Senter. 1987; Kemp et al., 1972; Nussbaumer and Hostettler, 1996; Schieberle et al., 1990; Wyllie and Leach, 1992; Wyllie etal., 1994 Wyllie etal., , 1995 . RI = retention index on a DB-5 column (crosslinked 5% phenyl methyl silicone) based on a combination of retention times compared to standards and calculated Kovats Indices for both GC-MS (Beaulieu and Grimm, 2001 ) and GC-FID. 'CAS = Chemical Abstract Service. "Sensory attributes based on above references (Hayata et al., 2003; Jordan et al., 2001 ) and FlavorWorks (v 2.0) (Flavometrics, Anaheim Hills, Calif.). 'NR = not recovered. Certain CIFAC appear within the literature sparingly either due to cultivar (i.e., across different flesh-and rind-types within Cucumis) and/or due to method limits/differences.
°C. Fibers were desorbed in a GC (HP5890; Agilent Technologies, Wilmington, Del.) equipped with a 60 m DB-5 (crosslinked 5% phenyl methyl silicone). 0.25 mm ID. 0.25 urn column (J&W Scientific, Folsom, Calif.) and a FID detector. Samples were run with the following conditions: initial temperature 50°C for 1 mm, purge off, purge on at 1 min and off again at 20 mm, ramped at 5 'C-min-'until 100°C
, then ramped 15 °C/min until 250 °C and held 19 min with the injector port at 250 °C and the detector at 280 °C. The injection port was operated in splitless mode and subjected IISCoA to a pressure of 172 kPa of ultra high purity He (99.9995%) for the first minute, and then set at a constant velocity of 32.4 cm-s-' for the remainder of the GC run. Twenty-seven compounds eluting within the first 18 mm. were identified and verified by comparison with standards. Compounds were also confirmed by comparison of RTs to identical replicate slurries with manual SPME fibers that were run on GC-MS, with similar conditions as described below.
Manual SPME: Apples. The contents of each 85-g bag were placed into a 500-mL I-
Branched chain
Chem jar, sealed with a septa lid, placed in a water bath at 40°C. A PDMS (100 pm, 1 cm) SPME fiber was inserted to capture headspace volatiles during a IS inin static exposure. Desorption and remaining GC-MS conditions were identical to those below, except 29 compounds were identified and verified by comparison with standards and the library. AutomatedSPME: Melons. GC-MS analysis were performed as previously described (Beaulieu, 2006; Beaulieu and Grimm, 2001) . Briefly, random samples per treatment were used to prepare 3-mL juice (Braun MP80 Juicer) that were pipetted into 10-mL glass vials containing 1.1 g NaCl. Then 2-methylbutyl 3-methylbutanoate internal standard (IS) was added, sealed with a steel crimp cap fitted with a Teflon/silicon septum, and placed on a Combi-Pal Autosampler (Leap Technologies, Carrboro, N.C.) cooling rack at 4 °C. Vials were equilibrated 10 win via oscillation in a 40 °C autosampler, then a 1-cm lOOjsm polydimethylsiloxane (PDMS) SPME fiber was inserted into the headspace for 12.5 mm, agitated at 100 rpm. at 40°C.
Fibers were desorbed at 250°C for I min in the injection port of an l-1P6890/5973 GC-MS (Agi lent Technologies, Wilmington, Delaware) with a DB-5 column (30 m, 0.25 mm i.d., 25 um film thickness) for 30 to 35 min runs. The injection port was operated in splitless mode and subjected to a pressure of 172 k.Pa of ultrahigh purity helium (99.9995%) for the first minute, then flow velocity was constant at 40 cm-s-' for the remainder of the GC run. The initial oven temperature was 50°C, held 1 mm, ramped 5 to 100 °C then 10 °Cmin to 250°C and held 9 mm. The HP5973 quadrupole mass spectrometer was operated in the electron ionization mode at 70 eV (electron volts), a source temperature of 200 °C, with a continuous scan from m/z (mass to charge ratio) 33 to 300. Data were collected with HPChemStation software (A.03.00) and searched against the NIST v. 1.5 and Wiley v. 7 NIST98 (Palisade Corp., Newfield, N.Y.) or Wiley7thlNIST02 registry of mass spectral data libraries (McLafferty, 2000) . Selected compounds (e.g., Table  I ) were confirmed by their library matches, standards and comparison to an in-house library and retention index (RI) (Beaulieu, 2006; Beaulieu and Grimm, 2001) .
Data analysis. Results were calculated per compound or compound classes as the integrated target response (GC-MS) or area (GC-FID) divided by the total target response or area, respectively, of the suite of compounds positively identified per experiment or cultivar (denoted in figure legends). Data were subsequently expressed as relative percentages (relative abundance in apple) of averaged target ion response or area of specified compounds or compound classes, in triplicate (n = 3), generally combined over 2 years. 
RESULTS AND
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Branched chain a-keto acids Days storage (4 °C) as fresh-cuts Fig. 3 . SPME GC-MS nonacetate ester to acetate ratios (nonacetate/acetate) in fresh-cut 'Sol Real' cantaloupe prepared from five distinct maturities (1/4-, 1/2-, 3/4-, FS, and OR), stored at 4 °C. Linear equation represents five combined maturities. Calculations based on the composite averages of n = 6 runs repeated over 2 years for each maturity, except OR and day 12 and 14 (n 3), where 11 of the 58 integrated compounds were acetates, and 17 were nonacetate esters. Kemp et al., 1972; Nussbaumer and Hostet-compounds are believed to be important to Her, 1996; Schieberle et at., 1990; Wyllie et flavor (Horvat and Senter, 1987; al., 1994, 1995) , and five additional sulfur Leach, 1992; Wyllie et al.. 1994 ) ( Table 1 ).
The predominant esters considered impact flavor and aroma compounds in C. melo were recently categorized into two classes based on the compound structure (Beaulieu, 2006) . Acetates have an acetate ion (acyl group) as the terminal Rd attached at the carboxylic group via an ester bond, whereas compounds not containing a methyl group at their R' terminus were designated as nonacetate esters.
Cantaloupe. There is a conserved linear increase in most cantaloupe volatile compounds as harvest maturity increases, provided the fruit has not become overripe (Beaulieu, 2006) . This relationship is illustrated with typical MS ion traces for esters in cantaloupe harvested at 5 discrete maturities (Fig. 1) . Volatile esters, that are important contributors to the aroma of many fruits, are formed by esterification of alcohols, normally utilizing a CoA moiety or CoA-ester as the acyl donor (Harada et al., 1985; Perez et al., 1996; Shalit et al., 2001; Veda et al., 1997) . Alcohol acetyltransferase (AAT) has been found to be the putative enzyme for aroma volatile ester compounds in many ripening fruits, and melons (Aggelis et al.. 1997; Ueda et al., 1997; Yahyaouietal..2002) . The concentration of free amino acids increases with C. melo fruit ripening (Wyllie et al., 1995 (Wyllie et al., , 1996 , and amino acids are the putative precursors to many flavor esters and 17.6± 1.1 11.6± 2.6 14.1 ±2.8 13.2 ±2.7 10.0± 0.1 9.7 ± 0.4 16.3 ± 1.5 10.8 ± 2.5 11.5 ± 2.8 10.812.1 6.4 ± 0.0 8.7 ± 0.1 15.9± 0.6 10.7 ± 1.5 12.7 ± 2.0 11.5 ± 1.2 7.8 ± 0.1 10.0 ± 0.0 13.8 ± 0.5 8.6 ± 1.4 10.1 ± 1.1 9.9 ± 0.5 7.6 ± 0. 6.4 ± 0.9 9.2 ± 0.5 9.2 ± 0.7 6.9 ± 0.2 10.0 ± 0.2 I0.7 ± 0.6 9.1 ±0.9 11.8±0.2 11.7±0.4 10.4±0. 1/4-slip 0.9 ± 0.0 8.4± 2.1 10.9 ± 4.0 8.9 ± 3.6 9.7 ± 3.1 14.3 ± 0.1 14.8 ± 0.8 1/2-slip 3.1 ± 0.3 13.2 ± 2.8 12.8 ± 2.7 13.8 ± 3.6 16.1 ± 4.3 23.6 ± 0.1 20.4± 0.1 3/4-slip 5.5 ± 0.5 10.8 ± 0.9 14.5 ± 2.1 13.4± 3.9 13.1 ± 3.6 24.2 ± 0.5 21.7 ± 0.1
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thioesters (Yabumoto et al., 1977) . The AAT enzyme system is responsible for formation of acetates and nonacetate esters, especially aromatic compounds derived from amino acids (Fig. 2) . The presented schematic also applies for straight chain esters. When a direct acetylCoA pool is available, acetates may be formed via esterification with manypossible alcohols. Alternatively, AAT will esterify other acyl donors such as propionyl-CoA, isovaleryl-CoA, butyryl-CoA, isobutyryl-CoA, hexanoyl-CoA, and benzoyl-CoA, with available alcohols to form nonacetate esters. However, ester types formed in apple and strawberry (Fragaria ananassa) depend on the available substrate pool (Fellman et al., 2000; Perez et al., 1993; Rowan et al., 1996) , and in vivo acyl donor availability in Charentais melon is limiting .
The relative proportion of acetates and non acetates was recently reported in cantaloupe across harvest maturity (Beaulieu, 2006) , and is elaborated upon in Fig. 3 . The data indicate clearly that there is a continuous change in the ester balance (increasing ratio of esters to nonacetate esters) during fresh-cut storage, which is independent of processing maturity. Albeit over-ripe (OR) when processed, the nonacetate to acetate ratio was slightly shifted, but the trend was conserved and indicated a linear (y = 0.146x + 0.657; R2 = 0.942) ratio change across all maturities during storage. The relative percentage of flavor-important acetates such as 2-methylbutyl acetate, benzyl acetate and hexyl acetate (Table 2) , as well as other abundant acetates like 2-methylpropyl acetate, ethyl 2-phenylacetate and 2-phenylethyl acetate (data not shown) decreased markedly during storage. Similar results have been reported regarding acetate decline in various cantaloupe cultivars (Beaulieu, 2005) and OR and senescing melon fruit (Horvat and Senter, 1 987; Yabumoto et al., 1978) . Acetates are often considered the most important flavor-related volatiles in many fruits, and were the dominant ester type in many melon cultivars (Table 3. Figs. 4 and 5), honeydew (Buttery et al.. 1982) (Fig. 6 ) and Charentais melons (Bauchot et al.. 1998) . As previous data illustrated (Horvatand Senter, 1987) , acetate esters increased with the ripening of cantaloupe fruit, then decreased as 2005). However, since both total acetate and the fruit progress to the OR stage (Beaulieu, total ion abundances increased substantially 2006), and during fresh-cut storage (Beaulieu, with maturity (Beaulieu, 2006) , the calculated Relati'e SPME G(' MS percentage of acetate (A) and nonacetate (B) esters in fresh-cut cantaloupe cubes prepared from typical western cultivars ('Pac Start', 'Primo' and 'Sol Real') from the same field, and an eastern cultivar ('Athena'), stored at 4°C. Relative percentages (n = 6, ± standard deviation) based on selected ion monitoring of 61 integrated compounds, with 11 acetates and 22 nonacetates, repeated over 2 years.
percentages reflect that the relative proportion of most acetate volatiles decreased substantially with increasing harvest maturity ( Table  2) . Reduction of the relative proportion of acetates likely moderates desirable flavors (Table  1) , and this could be why OR and senescing fruit are generally less accepted compared with fruit at the optimum commercial harvest (e.g., 3/4-slip). With increased harvest maturity, the relative recovery of ethyl butanoate, ethyl 2-methylbutanoate, ethyl hexanoate (Table 2) , ethyl propanoate, ethyl 2-methylpropanoate, methyl 2-methylbutanoate and methyl hexanoate (data not shown) increased markedly during fresh-cut storage. Although many of these compounds have desirable melon attributes, substantial relative increases in some of these compounds could produce undesirable flavor attributes (Table 1) . Consequentially, OR fruit are generally not preferred compared with 3/4-slip or FS. Most of these esters utilize ethanol as their synthetic substrate. Alcohols generally increase during fruit senescence, and catabolism of acetate esters could furnish the acyl portion of these esters, facilitating increased production during storage (Fig.  2) . However, methyl and ethyl acetate were not reliably recovered in the maturity study reported herein. Nonetheless, there was a significant maturity-dependent linear increase in 11 other acetates where 1/4-slip < 1/2-slip <3/4-slip < FS (Beaulieu, 2006) . In many melon cultivars, there is a relative increase in nonacetates, at the expense of the relative decrease in acetates during fresh-cut storage (Table 3, Figs. 4-6; Beaulieu, 2005) . The melon literature clearly indicates that substantial differences exist in volatile profiles of different C. melo types and cuttivars, and substantial differences were noted herein (Fig. 5) and also within inbreds of two cuttivars harvested in 2 years (Table 3) . Many European, Israeli and Charentais melons are considered to be more aromatic than standard cantaloupe cultivars grown in the western U.S. Seed companies often breed a female line to morphologically resemble the commercial hybrid and place many "specialty" or Days storage (4 °C) as fresh-cuts "unique" horticultural traits in the male inbred to avoid losing proprietary secrets . The 'Athena' male does not have a traditional western shipper genetic background, and has much higher acetates and lower nonacetates compared with the 'Sot Real' male inbred. With the exception of the 'Sol Real' male, acetates constituted >75% of the total volatiles upon cutting, yet this proportion declined by roughly 16.6% after (Table 3 ). This may explain why the 'Sol Real' hybrid is less aromatic and has lower acetate levels than 'Athena'. The acetate and nonacetate relationship was also conserved in eastern and western shipper melons (Fig. 4) , cultivars ('Gold Rush', 'Mission', 'Oro Rico', 'Sol Dorado' and 'Sol Real') from the same field in one year (Beaulieu, 2005) , as well as cultivars ('Athena', 'Pac Start', 'Primo' and 'Sot Real') hexanoic acid butanoic acid propanoic acid (a & J3-oxidation) from the same fields in two combined years (Fig. 5) . Furthermore, the relationship must be independent of year and season since most presented examples (i.e., Figs. 3 and 5, and Table 3 ) are 2-years repeated studies, and also represent different years or fields when the same cultivar is displayed (Figs. 3-5) . Conservation of these reported trends was also demonstrated when comparing trends of the same cultivar. For example, a high degree of parallelism was found for 'Athena' and 'Sol Real' within Figs. 4 and 5.
Honeydew. Acetates are the predominant ester type in many C. inelo, such as honeydew (Fig. 6A) . The ester to acetate relationship (increasing ratio during fresh-cut storage) was conserved, as nonacetate esters increased during 'Honey Brew' storage (Fig. 613) . Volatile increases during storage were also recently reported in fresh-cut honeydew (Saftner et al., 2003) . Various foliar calcium treatments. applied to improve fruitfirmness, and modified atmosphere packaging had only minor effects on the observed ester to acetate balance.
Apple. Ester quantity and synthesis is limited by substrate availability (Souleyre et al., 2005) , and more importantly, by the activity and/or specificity ofAAT (Flores et al., 2002) . It is possible that there is a catabolic recycling of ester substrates in melons during fresh-cut storage. The acetate substrate pool appears to be exhausted shortly after cutting (with the exception of 2-methylpropyl acetate, derived from valine, data not shown), but nonacetate esters are continually produced. Many apple cultivars express continued ability to produce volatile esters after long-term controlled atmosphere and refrigerated storage (Fellman et al., 2000) . An exception to this trend was observed in 'Gala', as both acetates (Fig. 7A) and nonacetates (Fig. 7B ) decreased markedly during fresh-cut storage. Substantial ester loss occurred through storage, which was independent of tissue browning. Previously, volatile reactivation (continued ability to produce volatile esters after long-term storage) was not observed in 'Gala', andAAT levels were found to decrease appreciably during fruit storage (Fellman et al., 2000) , in only this cultivar of many tested. Subsequently, a detailed analysis of the AAT level in specific fresh-cut stored melon cultivars is warranted.
Hvpoi'hetical catabolism of acetates in fresh-c utfruits. Phloem loading is responsible for sugar accumulation in melons, and sugars do not increase after harvest. In cut fruits, there may be increased oxidative reactions (e.g., 3-oxidation, 0-carotene breakdown and/or LOX-activity) that are required to deliver various straight chain fatty acid and cyclic moieties, which condense with alcohols to recycle esters. Hence, glycolytically derived acetyl-CoA might become the limiting factor, dictating that recycled substrates entering the acyl pool will form predominately nonacetate esters (Fig. 8) . Through degradation, new substrates may be created by which additional nonacetate esters can be formed utilizing the newly formed acyl-CoA's and available alcohol pool (Figs. 2 and 8) . After cutting and during product senescence, these relationships may Increase 3-methylbutyl hexanoate t 3-methylbutyl butanoate hexyl hexanoate hexyl butanoate methyl & ethyl esters Fig. 7 . Relative SPME GC-MS abundance of (A) acetate (9 of 29 compounds) and (B) nonacetate esters (10 of 29 compounds) in fresh-cut 'Gala' apple wedges plus and minus a browning inhibitor (BI) dip containing 2% (vlv) be reflected by catabolic changes and volatile resynthesis, similarto previously hypothesized for apples (Knee and Hatfield, 1981) . As previously postulated, esterase is likely involved in recycling of apple volatiles (Knee et al., 1989) , as esterase activity in fresh-cut cantaloupe is somewhat stable during storage (Lamikanra and Watson, 2003) . Perhaps esterase preferentially hydrolyzes acetate esters due to less steric hindrance at the ester bond. Nonetheless, since synthesis of esters is limited in vivo by the available substrate pool (Yahyaoui et al., 2002), break down and subsequent catabolic recycling of esters would likewise be limited by available substrates.
CONCLUSION
Aroma volatile levels increase linearly with increasing maturity in cantaloupe melons, and over-ripe fruit often have depressed levels (Beaulieu, 2006; Beaulieu and Grimm, 2001; Beaulieu et al., 2004) . Overall, acetates declined substantially in stored fresh-cut apples, cantaloupes and honeydews. On the other hand, nonacetate esters generally increased during storage in all melons evaluated. AAT is not limiting during later stages of apple fruit ripening (Fellman and Mattheis. 1995) , and it is unlikely that AAT activity decreases much during fresh-cut melon senescence because nonacetate esters and an occasional acetate actually increased.
Many precursor amino acids and organic acids decline in over-mature and senescent fruits (Chisholm and Picha, 1986; Muraoka and Isaka, 1985; Suni et al., 2000; Wang et al., 1993) . Subsequently, production of key volatile substrates derived from the amino acids alanine, isoleucine, leucine, methionine and valine decrease as both glycolysis and the TCA pathway become less active as senescence approaches. Also, after the climacteric or into senescence (the case for post-cutting of ripe fruit), once available pyruvate has metabolized into ethyl and acetate esters (Wyllie and Leach, 1990) , the formation of acetate esters declines as there is no longer acetyl-CoA starting material ( Fig. 2) and their concentration falls off as they are catabolized or volatize into the air.
The hypothesis is therefore put forward that recycling of esters during storage in certain fresh-cut fruits leads to an imbalance in the delicate fine balance of characteristic volatiles. This could therefore alter the overall perceived desirable flavor attributes during storage, even though overall volatile esters are still abundant.
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